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[57] ABSTRACT 
An MRI system includes static and gradient ?eld gener 
ators for respectively generating static and gradient 
?elds to be applied to an object, a radio-frequency (RF) 
?eld transmitter/ receiver for transmitting and receiving 
an RF ?eld, a sequence controller for applying the 
gradient ?eld and the RF ?eld to the object at a prede 
termined timing while the object is being applied with 
the static ?eld, thereby causing a predetermined MR 
phenomenon, a signal processor for performing prede 
termined processing of MR signal data detected 
through the RF ?eld transmitter/receiver to obtain an 
MR image, and a display for displaying the image ob 
tained by the signal processor. The sequence controller 
comprises a multi-slice controller for executing a multi 
slice method using a sequence with a relatively long 
echo time so that an MR signal of a proton of a fat is 
suppressed and an MR signal of a proton of a CSF is 
emphasized. The signal processor comprises a summa 
tion processor for synthesizing multi-slice images as a 
plurality of slice images by summation to obtain a syn 
thesized image. 

24 Claims, 5 Drawing Sheets 
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MAGNETIC RESONANCE IIVIAGING SYSTEM 

This application is a continuation of application Ser. 
No. 07/427,704, ?led Oct. 27, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetic resonance 

imaging (MRI) system for obtaining con?guration data 
such as a density distribution image of a speci?c atomic 
nucleus of an object (e.g., a living subject) or function 
data such as a spectroscopy by utilizing a magnetic 
resonance (MR) phenomenon and, more particularly, to 
an MRI system for obtaining an image of a brain surface 
structure. 

2. Description of the Related Art 
In an MR phenomenon, a speci?c atomic nucleus 

having a non-zero spin and a magnetic moment based 
on the spin resonantly absorbs only an electromagnetic 
wave of a speci?c frequency in a static ?eld. The atomic 
nucleus resonates at an angular frequency m0 
(w0=21rv0 v0: Larmor frequency) given by the follow 
ing equation: 

where 'y is the gyromagnetic ratio unique to a type of 
atomic nucleus, and H0 is the static ?eld strength. 

In an MRI system for obtaining data for living subject 
diagnosis by utilizing the above phenomenon, a mag 
netic resonance (MR) signal as an electromagnetic 
wave having the same speci?c frequency as described 
above excited after resonance absorption is detected 
and is subjected to signal processing, thereby obtaining 
diagnosis data re?ecting MR data such as an atomic 
nuclear density, a longitudinal relaxation time T1, a 
transverse relaxation time T2, a blood ?ow or ?ow of 
cerebrospinal ?uid (CSF), or a chemical shift, e.g., a 
slice image of a selected slice of an object without inva 
son. 

when diagnosis data is acquired by utilizing the MR 
phenomenon, MR signals induced by exciting every 
portion of an object placed in a static ?eld can be ac 
quired, in principle. In an actual system, however, due 
to limitations on a system con?guration and clinical 
requirements for a diagnostic image, an MR phenome 
non is excited in a speci?c, limited portion and MR 
signals therefrom are acquired. ‘ 

In this case, the speci?c portion serving as an imaging 
object is a slice portion having a given thickness. MR 
signal data such as echo signals or free induction decay 
(FID) signals from this slice portion are acquired by 
executing a large number of MR excitation/data acqui 
sition sequences, and these acquired data are subjected 
to image reconstruction processing by, e.g., a two-di 
mensional Fourier transformation method, thereby gen 
erating an MR image of the speci?c slice portion. 
A clinical application using an MRI system will be 

described below. More speci?cally, in order to perform 
a surgical treatment, i.e., operation of an intracranial 
disease, a brain surface structure including cerebral 
grooves, serves as an important criterion upon detection 
of the position of a lesion locally present in or under a 
cortex. Therefore, it is desired to obtain an accurate 
position of the brain surface structure before an opera 
tion. In order to obtain the accurate position of the brain 
surface structure, some attempts are made to obtain a 
brain surface structure image representing the brain 
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2 
surface structure as well as the cerebral grooves. Such 
attempts will be explained below. 
One of these attempts is a method of performing 

normal proton imaging using an appropriate head coil. 
In this method, a cylindrical coil which surrounds a 
head of a patient can be used as the head coil. When the 
head coil operates over the entire head, signals from the 
entire head are acquired. As a result, an image is ob 
tained in which data of a deep portion under the brain 
surface are unnecessarily superposed. Therefore, it is 
not easy to discriminate the brain surface structure from 
such an image, and, hence, the above-mentioned diag 
nostic requirements cannot be satis?ed. 
Another attempt is a method of performing normal 

proton imaging using a surface coil. The surface coil 
exhibits a high sensitivity for only a portion adjacent to 
the coil. When this surface coil is used, only MR signals 
near a body surface can be acquired. Therefore, this 
method is often used in MRI when a portion of interest 
is present near the body surface. With this method, 
however, only signals from a subcutaneous fat of a 
surface layer portion are acquired according to the 
sensitivity characteristics of the surface coil, and the 
above-mentioned diagnostic requirements cannot be 
satis?ed, either. 4 

With the above-mentioned two methods, an image 
which can properly express a brain surface structure 
cannot be obtained. 

In the conventional methods, MR data from, e. g. the 
CSF and MR data from a fatty area similarly acquired 
without being distinguished from each other. There 
fore, it is dif?cult to obtain an effective brain surface 
structure image for diagnosing the position of a lesion 
locally present in or under a cortex. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
MRI system which can obtain an image representing an 
effective brain surface structure for diagnosing a lesion 
present in or adjacent to a brain surface. 
An MRI system according to the present invention 

comprises static and gradient ?eld generators for re 
spectively generating static and gradient ?elds to be 
applied to an object, a radio-frequency (RF) ?eld trans 
mitter/receiver for transmitting and receiving an RF 
?eld, a sequence controller for applying the gradient 
?eld and the RF ?eld to the object at a predetermined 
timing while the object is being applied with the static 
?eld, thereby causing a predetermined MR phenome 
non, a signal processor for performing predetermined 
processing of MR signal data detected through the RF 
?eld transmitter/receiver to obtain an MR image, and a 
display for displaying the image obtained by the signal 
processor. The RF ?eld transmitter/receiver comprises 
a cylindrical head coil, capable of surrounding a head of 
a patient as the object, for’ performing at least one of 
transmission and reception of the RF ?eld to be applied 
to the object. The sequence controller comprises a mul 
ti-slice controller for executing a multi-slice method 
using a sequence with a relatively long echo time so that 
an MR signal of a proton of a fat is suppressed and an 
MR signal of a proton of a CSF is emphasized. The 
signal processor comprises a summation processor for 
synthesizing multi-slice images as a plurality of slice 
images by summation to obtain a synthesized image. 
According to the MRI system of the present inven 

tion, MR signals from the CSF are emphasized, and MR 
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signals from fatty area are suppressed upon detection. 
Therefore, an image of a brain surface structure based 
on the CSF of a head can be obtained without overlap 
ping an image based on the fat, and is suitable for diag 
nosing a lesion present in or adjacent to a brain surface. 
In addition, since the image of the brain surface struc 
ture is obtained by processing three-dimensional data, 
the image of the brain surface structure viewed from 
various directions can be formed. With a weighted 
summation, the same effect as in the case of using a 
surface coil can be obtained, that is, superposition of 
strong signals from a deep structure such as ventricles 
of the brain can be prevented. In addition, an image 
suitable for stereoscopic viewing can be easily obtained 
by processing of the positional relationship upon sum 
mation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an arrangement of 
an MRI system according to the ?rst embodiment of the 
present invention; 
FIG. 2 is a chart for explaining a pulse sequence in the 

embodiment shown in FIG. 1; 
FIG. 3 is a view for explaining multi-slice images in 

the embodiment shown in FIG. 1; 
FIG. 4 is a graph showing sensitivity characteristics 

of the surface coil and a corresponding weighting coef 
?cient curve; 
FIGS. 5A and 5B are ‘views for explaining multi-slice 

images and a weighting coefficient in summation when 
a lesion is present at a relatively shallow position; 
FIGS. 6A and 6B are views for explaining multi-slice 

images and a weighting coef?cient in summation when 
a lesion is present at a relatively deep position; 
FIGS. 7 and 8 are views for explaining summation of 

different viewing directions; 
FIG. 9 is a chart for explaining a pulse sequence 

according to the second embodiment of the present 
invention; 
FIG. 10 is a chart for explaining a pulse sequence 

according to the third embodiment of the present inven 
tion; and 
FIG. 11 is a view showing multi-slice images differ 

ent from those in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The ?rst embodiment of an MRI system according to 
the present invention will be described hereinafter. 
FIG. 1 shows the overall arrangement of an MRI 

system capable of imaging a brain surface structure 
according to the present invention. 
A magnet assembly MA has almost a cylindrical 

shape so that an object (patient) P can be inserted in its 
hollow portion. The magnet assembly MA has a static 
magnetic ?eld coil 1, a gradient ?eld coil 2, and a 
whole-body probe 3. The static magnetic ?eld coil 1 for 
generating a static ?eld comprises a resistive or super 
conductive coil. The gradient ?eld coil 2 generates X, 
Y, and Z gradient ?elds for giving position data of a 
portion where an MR phenomenon of MR signals is 
induced. The whole-body probe 3 comprises, e.g., 
transmission and reception coils, and is used for detect 
ing induced MR signals while transmitting a radio-fre 
quency (RF) rotary ?eld. Typically, MR signals are 
MR echo signals or FID (free induction decay) signals. 
The MRI system comprises a static ?eld controller 4, 

a transmitter 5, a receiver 6, X, Y, and Z gradient con 
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4 
trollers 7, 8, and 9, a sequencer 10, a computer system 
11, and a display 12 in addition to the magnetic assem 
bly MA described above. The static ?eld controller 4 
includes a static ?eld power source, and is mainly used 
for performing energization control of the static ?eld 
power source. The transmitter 5 transmits RF (radio 
frequency) pulses as an RF rotational ?eld through the 
whole-body probe 3. The receiver 6 detects and re 
ceives the induced RF MR signals through the whole 
body probe 3. The X, Y, and Z gradient controllers 7, 8, 
and 9 perform excitation control of the gradient ?eld 
coil 2 for generating X, Y, and Z gradient ?elds. The 
sequencer 10 controls the transmitter 5 and the X, Y, 
and Z gradient controllers 7, 8, and 9 to execute a pulse 
sequence of the RF pulses and gradient ?eld pulses for 
inducing an MR phenomenon and acquiring MR data. 
The computer system 11 controls the receiver 6 and the 
sequencer 10 and performs signal processing of the 
received signals. The display 12 is used for displaying an 
image generated by the computer system 11. When the 
static ?eld coil 1 comprises a superconductive coil, the 
static ?eld controller 4 may include a supply control of 
a coolant for cooling the superconductive coil. A per 
manent magnet may be used as a static ?eld generating 
source in place of the static ?eld coil 1 and the static 
?eld controller 4. 

In the system of this embodiment, a head PH of the 
object P is located at the center of a magnetic ?eld of 
the magnet assembly MA, and a cylindrical head coil 13 
is arranged to surround the head PH. The head coil 13 
is formed by adding or embedding a conductor (form 
ing an appropriate coil such as a saddle coil or an elliptic 
coil) to or in a cylindrical or a substantially cylindrical 
support member. The head coil 13 is driven by the 
transmitter 5 and the receiver 6 to be able to transmit/ 
receive RF signals in the same manner as in whole-body 
probe 3. Alternatively, for example, transmission of RF 
pulses may be performed by the whole-body probe 3, 
and reception of MR signalsmay be performed by the 
head coil 13. 

In order to acquire MR data, the transmitter 5 is 
operated to apply RF pulses as RF rotational ?eld from 
the transmission coil of the built-in type whole-body 
probe 3 or the head coil 13 to the object P. At the same 
time, the gradient controllers 7, 8, and 9 are operated to 
apply gradient ?elds Gx, Gy, and G2 as slice, phase 
encode, and read gradient ?elds from the gradient ?eld 
coil 2 to the object P. Thus, MR signals generated in a 
portion of the object P where an MR phenomenon is 
induced are acquired by the receiver 6 through the 
reception coil of the whole-body probe 3 or the head 
coil 13. Such an operation is executed a predetermined 
number of times to acquire a group of MR data. An MR 
image is generated based on the group of MR data. 
As the pulse sequence for acquiring the MR data, a 

pulse sequence according to a spin echo method (a 
method of generating an echo signal upon application of 
a 180° pulse) or a ?eld echo method (a method of gener 
ating an echo signal upon inversion of a read gradient 
?eld) is employed. Especially, a pulse sequence is em 
ployed wherein a proton (hydrogen atomic nucleus) in 
the head PH of the object P is used as an imaging object, 
and a multi-slice method is applied to a sequence with a 
relatively long echo time TE so that MR signals of a 
proton of a fat are suppressed and MR signals of a pro 
ton of a CSF are emphasized. Since the MR signal of 
the proton of the CSF has a very long decay time, when 
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the echo time TE is prolonged, the MR signal in which 
the proton of the CSF is emphasized can be obtained. 
FIG. 2 exempli?es a pulse sequence by a single echo 

in the case of the spin echo method. When the spin echo 
method is employed, the echo time TE is preferably set 
to be longer than normal (about 80 msec), e.g., set to be 
250 msec, and a pulse repetition interval TR is set to be 
about 2,000 to 3,000 msec (normally, about 500 msec). 
When the ?eld echo method is employed, the echo 

time TE is preferably set to be longer than normal 
(about 14 msec), e.g., set to be 20 to 30 msec, and the 
pulse repetition interval TR is set to be about 80 to 1,000 
msec (normally, about 50 msec). In addition, a ?ip angle 
of an RF pulse is set to be 10° to 20°. 
FIG. 2 shows a 90° pulse, a 180° pulse, and an MR 

echo signal in a given encode step, and the ?rst 90° 
pulse in the next encode step in a series of sequences as 
repetition of encode steps. The multi-slice method is 
applied to the sequence shown in FIG. 2 to acquire MR 
data for a plurality of predetermined slices. 
According to this sequence, RF pulses are transmit 

ted to the object P by the transmission coil of the whole 
body probe 3 or the head coil 13 while a slice gradient 
?eld Gs is being applied from the gradient ?eld coil 2 to 
the object P. Thereafter, a phase-encode gradient ?eld 
Ge whose strength gradually changes in units of encode 
steps, and a read gradient ?eld Gr are applied to the 
object P, and MR signals generated from a plurality of 
slice portions are acquired by the head coil 13 for the 
echo time TE. This operation is repeated a predeter 
mined number of times corresponding to the required 
number of encode steps. As a result, a group of acquired 
MR data are supplied to the computer system 11, and 
multi-slice image data for the left half of the head of the 
object P is generated based on the group of data, as 
shown in FIG. 3. The multi-slice image data is subjected 
to summation by a method (to be described later) in the 
computer system 11, thus obtaining an image obtained 
by summation, i.e., a brain surface structure image, and 
original multi-slice images. These images are displayed 
on the display 12. 
The summation of multi-slice images in the system of 

the present invention will be described below. 
Summation methods 1, 2, and 3 to be described below 

are methods of obtaining sensitivity characteristics simi 
lar to those of a surface coil and obtaining a signal sup 
pression effect according to the position (depth) of a 
lesion (region of interest). A summation method 4 is a 
method of obtaining an image for stereoscopic viewing. 
(Summation Method 1) 
N multi-slice images are represented by Mk(i,j) 

(where k=1, 2, . . . , N, and i,j=l to 256 (matrix)). 
An image obtained by weighting and summing these 

images is represented by S(i,j). 

where ak is a weighting coef?cient having a value cor 
responding to the sensitivity of the surface coil. More 
speci?cally, FIG. 4 is a graph showing the relationship 
between the depth and the sensitivity of the surface coil. 
For example, if a lesion is present at a position separated 
from a coil (head coil 13) by about 5 cm and is to be 
clearly represented in substantially the same character 
istics as that in a case wherein a surface coil is used, the 
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6 
coef?cient ak is calculated in accordance with FIG. 4 as 
follows: 

More speci?cally, the value of the weighting coef?ci 
ent ak for each slice image is selected to be smaller as 
the slice position becomes deeper. When multi-slice 
images based on MR data which are acquired in a se 
quence which is originally set to suppress MR signals of 
protons of fat are subjected to such weighted summa 
tion, signals from a deep portion such as ventricles of 
the brain or a basement membrane are suppressed, and 
as a result, the image of the surface brain structure is 
obtained in which an image of the brain surface struc 
ture, e.g., cerebral grooves based on signals from a 
shallow portion is emphasized. Since an image based on 
signals from a shallow portion is emphasized, an image 
based on signals from a deep portion is prevented from 
overlapping the image of the brain surface structure, 
and the brain surface structure will not become dif?cult 
to discriminate. When weighting is performed in this 
manner, an image can be obtained as if it were observed 
from a side of a higher weight. 

Therefore, the display 12 displays an image which 
represents the brain surface structure such as brain 
grooves without overlapping other unnecessary por 
tions. Thus, diagnostic data in which the positional 
relationship between the brain surface and the lesion is 
clear and is very clinically effective can be obtained. 
(Summation Method 2) 
In the summation method 1, the same characteristics 

as those of the surface coil are simply obtained. In the 
summation method 2, however, almost the same charac 
teristics as those of a surface coil are obtained, and the 
value of the weighting coef?cient ak is appropriately 
selected in accordance with the position (depth) of a 
lesion. 
More speci?cally, as shown in FIG. 5A, when a le 

sion is present at a relatively shallow position, the value 
of the weighting coef?cient ak is set to be smaller in 
comparison with a slice at a deeper position, and the 
rate of decrease in the weighting coef?cient ak as a 
function of increase in depth is set to be larger. For 
example, the weighting coef?cient ak is selected such 
that a1=1.0, a2=0.9, a3=0.6, a4=0.2, . . . , as shown in 
FIG. 5B. When the weighting coef?cient is selected in 
this manner, MR signals of the CSF from slices at 
deeper positions such as the ventricles of the brain are 
suppressed. Therefore, superposition of signals can also 
be suppressed. As a result, a summed image can clearly 
represent the brain surface structure including the le 
sion present at a shallow position. 

Contrary to the above case, as shown in FIG. 6A, 
when a lesion is present at a deep position, a rate of 
decrease in weighting coef?cient ak as a function of 
increase in depth is set to be smaller. For example, the 
weighting coef?cient ak is selected such that a1= 1.0, 
a2=0.95, a3=0.8, a4=0.7. . . , as shown in FIG. 6B. 

(Summation Method 3) 
In the summation methods 1 and 2 described above, 

the entire slice image of each slice is weighted by the 
same weighting coef?cient ak. In the summation 
method 3, however, the weighting coef?cient ak is 
individually set for pixels of matrix (i,j) as constituting 
elements of each slice image. 
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N 
S01 1) = kg 1 ak(i. J) - Mk(i. J) 

For example, when a brain surface is to be especially 
emphasized, the weighting coef?cient ak is selected as 
follows, so that a higher weight is provided to a semi 
spherical shell portion near the brain surface: 

where k=1, 2, 3, . . . , N, and i andj=l, 2, 3 . . . 256. 

(Summation Method 4) 
The summation method 4 is a method of allowing 

stereoscopic viewing by utilizing summation. Upon 
weighted summation in the summation method 1, 2, or 
3, since slice images are added while offsetting their 
positions, as shown in FIG. 7, a viewing direction can 
be changed to the left, center, and right. The positions 
of slice images upon summation are offset to coincide 
with binocular viewing directions to obtain a pair of 
images. Therefore, a pair of images for stereoscopic 
viewing can be obtained based on only a pair of multi~ 
slice images without scanning two images by changing 
the viewing direction. 
More speci?cally, offsets Ai and Aj in i and j direc 

tions of each slice are given, and an image S’(i,j) in a 
different viewing direction is formed by the following 
equation: 

In this case, if the offsets Ai and Aj are not integers, 
interpolation, e.g., linear interpolation is performed to 
perform summation, thereby generating an image in a 
speci?c viewing direction. 
Assume that a pitch of a pixel of images Mk(i,j) is 1 

mm, and a slice depth or slice thickness is 10 mm. If 
Ai=l (i.e., 1 mm) and Aj=0, the viewing direction is 
offset by about 5.7° (=tan_1l/l0), as shown in FIG. 8. 
Thus, stereoscopic viewing is attained by using the 
images S and S’. 

Weighting in summation for generating images of the 
brain surface structure when the stereoscopic viewing is 
performed can be performed in the same manner as 
described above. In stereoscopic viewing, since the 
positional relationship between images can be relatively 
easily recognized, weighting need not always be per 
formed. 
As a display method of allowing stereoscopic recog 

nition, a plurality of images having slightly different 
viewing directions are reciprocally displayed in an ani 
mation-like manner so that images visually swing to 
allow stereoscopic viewing in addition to a method of 
utilizing the parallax of two eyes. In this case, when the 
positions of a plurality of slices need only be offset when 
they are summed, a large number of images having 
different viewing directions can be easily obtained. 
Therefore, a merit of the present invention is very effec 
tively utilized. 
The present applicant has proposed a patent associ 

ated with the present invention. The invention of the 
prior application (U.S. patent application Ser. No. 
343,635) is to obtain the same surface structure image as 
in this embodiment by the spin echo method in which a 
surface coil is used, a large slice thickness of about 8 cm 
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8 
is set, the echo time is set to be longer (250 msec) than 
normal, and the pulse repetition interval TR is set to be 
longer (2,000 msec) than normal. 
As compared to the invention in the prior application, 

the embodiment of the present invention has the follow 
ing advantages. That is, in the prior application, an 
image to be picked up is limited by the position of the 
surface coil and the direction of a magnetic field. How 
ever, in the present invention, there are no such special 
limitations, and an image of the surface brain structure 
viewed from a desired direction can be obtained. Since 
the head coil is used, setting is facilitated. By referring 
to a summed image and slice images, the positional 
relationship in the depth direction can be easily deter 
mined. The weighting coef?cients are appropriately 
adjusted in accordance with the position of a lesion or a 
case of disease, thereby obtaining a brain surface struc 
ture image appropriately representing the position of 
the lesion or the case of disease. A pair of images for 
performing stereoscopic viewing can be easily obtained 
without performing rescanning with a different viewing 
direction. Since the slice thickness is small, a pixel upon 
imaging is small, and, hence, a phase error is small. 
Therefore, degradation of MR signals is small. 

In the prior application described above, when the 
pulse repetition interval TR is set to be 2 sec and encod 
ing of 256 steps is to be performed, data acquisition 
requires 2><256=512 sec. In this embodiment, how 
ever, since the pulse repetition interval TR can be 80 to 
1,000 msec when the ?eld echo method is employed, 
data acquisition requires only 0.08><256=20.48 to 
l.0><256=256 sec. Therefore, MR data can be acquired 
within a very short time. 

In the above embodiment, since the single echo 
method for obtaining one MR echo signal in one encode 
step is used, N steps of encoding are required to perform 
imaging of an NX N matrix. Contrary to this, the multi 
echo method of obtaining a plurality of MR echo sig 
nals in one encode step can be used, and the above-men 
tioned method can be applied to obtain echo signals in 
the multi-echo method. 

This is the second embodiment of the present inven 
tion, and FIG. 9 shows a pulse sequence in one encode 
step. 

In the embodiment shown in FIG. 9, a third echo 
signal is generated at the same timing as the echo signal 
shown in FIG. 2. In FIG. 9, a ?rst echo signal has an 
echo time TB of about 20 msec, and a second echo 
signal has an echo time TE of about 120 msec. The 
repetitive time TR of these signals is set to be 2,000 to 
3,000 msec as in FIG. 2. When N steps of encoding are 
performed to perform imaging of an NXN matrix using 
the sequence shown in FIG. 9, an image with an empha 
sized nuclear spin density can be obtained when the ?rst 
echo signal is used. When the second echo signal is 
used, an image with an emphasized time constant T2 
can be obtained. Therefore, the ?rst and second echo 
signals can be used for obtaining an image convention 
ally used for clinical examinations. The third echo sig 
nal can be used for obtaining an image of the brain 
surface structure. 

In this manner, a sequence for obtaining a normal 
image can be executed simultaneously with execution of 
a sequence for obtaining the image of the brain surface 
structure, and encoding can be commonly performed 
for both the images. Therefore, a series of sequences 
need only be executed once to simultaneously obtain the 
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image of the brain surface structure and a normal image. 
In the multi-echo method shown in FIG. 9, the number 
of slices of multi-slice images can be set to be about 6. 

In the multi-echo method, the number of echo signals 
obtained in one encode step is not limited to three. For 
example, two echo signals may be obtained in one en 
code step or four or more echo signals may be obtained 
in one encode step. 
For example, when two echo signals are obtained in 

one encode step, a normal image is obtained using a ?rst 
echo signal having an echo time TE of about 120 msec, 
and an image of a brain surface structure is obtained 
using a second echo signal having an echo time TB of 
about 250 msec. 
When four echo signals are obtained in one encode 

step, normal images are obtained using a ?rst echo sig 
nal having an echo time TE of about 40 msec, a second 
echo signal having an echo time TB of about 80 msec, 
and a third echo signal having an echo time TB of about 
120 msec, and an image of a brain surface structure is 
obtained using a fourth echo signal having an echo time 
TE of about 250 msec. 

In order to increase the number of slices for obtaining 
the image of the brain surface structure to be larger than 
6, the following sequence is executed. 
Normal images are obtained using a ?rst echo signal 

having an echo time TB of about 20 msec and a second 
echo signal having an echo time TE of about 80 msec, 
and the image of the brain surface structure is obtained 
using a third echo signal having an echo time TE of 
about 250 msec. In addition, the repetitive time TR is set 
to be about 3,000 msec. Then, multi-slice imaging of 
about 10 slices can be realized. 

In another method, normal images are obtained using 
a ?rst echo signal having an echo time TB of about 20 
msec and a second echo signal having an echo time TB 
of about 120 msec, and the image of the brain surface 
structure is obtained using a third echo signal having an 
echo time TE of about 200 msec. In addition, the repeti 
tive time TR is set to be about 2,000 msec. With this 
method, multi-slice imaging of about 8 slices can also be 
realized. However, since the third echo signal having 
the echo time TE of about 200 msec is used upon imag 
ing of the brain surface structure, the contrast of the 
image of the brain surface structure is slightly decreased 
to be lower than in a case wherein the echo signal hav 
ing the echo time TB of about 250 msec is used. How 
ever, there is no practical problem. 

In the third embodiment shown in FIG. 10, normal 
images are obtained using a ?rst echo signal having an 
echo time TE of about 20 msec and a second echo signal 
having an echo time TB of about 120 msec, and the 
second echo signal having the echo time TB of about 
120 msec used for obtaining the normal image is also 
used for obtaining an image of a brain surface structure. 
In addition, a repetitive time TR is set to be about 2,000 
to 3,000 msec. In this manner, the image of the brain 
surface structure can be obtained by data processing of 
the second echo signal without modifying the sequence 
of conventional multi-slice imaging. 
Of course, the ?eld echo method may be employed in 

place of the spin echo method, and the normal image 
and the brain surface structure image can be simulta 
neously obtained in the same manner as described 
above. 
As shown in FIG. 11, multi-slice images correspond 

ing to an upper half portion of the brain are obtained 
and are subjected to weighted summation, thus obtain 
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10 
ing an image of the upper half portion of the brain sur 
face structure. In this manner, multi-slice images of an 
arbitrary portion are subjected to weighted summation, 
thus obtaining an image more effective for diagnosis. 

Various other changes and modi?cations may be 
made within the spirit and scope of the invention. 
For example, MR data of a predetermined head re 

gion may be obtained using a 3DPT (3-dimensional 
Fourier transform) method in place of the multi-slice 
method. 
What is claimed is: 
1. A magnetic resonance imaging system comprising: 
static ?eld generating means for generating a static 

?eld to be applied to a head of a human forming an 
object to be examined; 

gradient ?eld generating means for generating a gra 
dient ?eld to be applied to the head of the human 
object; 

radio-frequency ?eld transmitting means for transmit 
ting a radio-frequency ?eld to be applied to the 
head of the human object; 

receiving means for receiving a radio-frequency mag 
netic resonance signal from the head of the human 
object; 

sequence control means for driving said gradient ?eld 
generating means, said radio-frequency ?eld trans 
mitting means and said receiving means in accor 
dance with a predetermined sequence while the 
static ?eld is applied from said static ?eld generat 
ing means to the head of the human object, thereby 
applying the gradient ?eld and the radio-frequency 
?eld to the head of the human object at a predeter 
mined timing, and causing a predetermined mag 
netic resonance phenomenon in the head of the 
human object; 

signal processing means for performing predeter 
mined processing of magnetic resonance signal 
data generated as a result of an operation of said 
sequence control means and received through said 
receiving means so as to obtain a magnetic reso 
nance image; and 

display means for displaying the image obtained by 
said signal processing means, 

wherein said receiving means comprises head coil 
means for receiving the magnetic resonance signal, 
said sequence control means comprising multi-slice 
control means for executing a multi-slice method 
using a sequence with a relatively long echo time 
so that a magnetic resonance signal of a proton of 
fat is suppressed and a magnetic resonance signal of 
a proton of cerebrospinal fluid is emphasized, and 
said signal processing means comprises weighting 
summation processing means including means for 
setting a weighting coef?cient to be smaller for a 
slice at a deeper position as compared to a more 
shallow position in order to produce weighted 
multi-slice images and means for summing said 
weighted multi-slice images so as to produce an 
image of a brain surface of the head. 

2. A system according to claim 1, wherein said 
weighting summation processing means uses predeter 
mined weighting coef?cients for each slice image. 

3. A system according to claim 1, wherein said 
weighting summation processing means uses predeter 
mined weighting coef?cients for each pixel of each slice 
image. 

4. A system according to claim 1, wherein said 
weighting summation processing means includes means 
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for setting weighting coef?cients corresponding to sen 
sitivity characteristics of said head coil means. 

5. A system according to claim 1, wherein said 
weighting coef?cients emphasize a portion near the 
brain surface of the head and at a position near a depth 
level in the human brain where a region of interest is 
present. . 

6. A system according to claim 1, wherein said 
weighting summation processing means includes offset 
summation means for summing the multi-slice images 
while offsetting a positional relationship of the slice 
images in accordance with a desired viewing direction. 

7. A system according to claim 6, wherein said 
weighting summation processing means further in 
cludes means for obtaining a pair of summed images for 
stereoscopic viewing having a parallax corresponding 
to a binocular parallax by summing the multi-slice im 
ages while offsetting at least a portion by said offset 
summation means in accordance with the desired view~ 
ing direction. 

8. A system according to claim 6, wherein said 
weighting summation processing means further in 
cludes means for obtaining a plurality of summed im 
ages having different viewing directions by summing 
the multi-slice images while offsetting at least a portion 
by said offset summation means in accordance with the 
desired viewing direction. 

9. A system according to claim 8, wherein said dis 
play means includes means for sequentially reciprocally 
displaying a plurality of summed images having said 
different viewing directions so as to visually swing the 
displayed images. 

10. A magnetic resonance imaging system compris 
ing: 

static ?eld generating means for generating a static 
?eld to be applied to a head of a human forming an 
object to be examined; 

gradient ?eld generating means for generating a gra 
dient ?eld to be applied to the head of the human 
object; 

radio-frequency ?eld transmitting means for transmit 
ting a radio-frequency ?eld to be applied to the 
head of the human object; 

receiving means for receiving a radio-frequency mag 
netic resonance signal from the head of the human 
object; 

sequence control means for driving said gradient ?eld 
generating means, said radio-frequency ?eld trans 
mitting means and said receiving means in accor 
dance with a predetermined sequence while the 
static ?eld is applied from said static ?eld generat 
ing means to the head of the human object, thereby 
applying the gradient ?eld and the radio-frequency 
?eld to the head of the human object at a predeter 
mined timing, and causing a predetermined mag 
netic resonance phenomenon in the head of the 
human object; 

signal processing means for performing predeter 
mined processing of magnetic resonance signal 
data generated as a result of an operation of said 
sequence control means and received through said 
receiving means so as to obtain a magnetic reso 
nance image; and 

display means for displaying the image obtained by 
said signal processing means, 

wherein said receiving means comprises head coil 
means for receiving the magnetic resonance signal, 
said sequence control means comprising multi-slice 

5 

15 

25 

30 

35 

45 

55 

65 

12 
control means for executing a multi-slice method 
using a sequence which combines a sequence in 
which a magnetic resonance signal of a proton of 
fat is suppressed, in each encode step of said se 
quence by said multi-slice method by using a multi 
echo method, and said signal processing means 
comprises weighting summation processing means 
including means for setting a weighting coef?cient 
to be smaller for a slice at a deeper position as 
compared to a more shallow position in order to 
produce weighted multi-slice images and means for 
summing said weighted multi-slice images so as to 
produce an image of a brain surface of the head. 

11. A method for acquiring an image representing a 
brain surface of a head in a magnetic resonance imaging 
apparatus, the method comprising the steps of: 

a ?rst step of executing a multi-slice method using a 
sequence with a relatively long echo time so that a 
magnetic resonance signal of a proton of fat is 
suppressed and a magnetic resonance signal of a 
proton of cerebrospinal ?uid is emphasized; and 

a second step of weighting summation processing by 
setting a weighting coefficient to be smaller for a 
slice at a deeper positionpin the brain as compared 
to a more shallow position in order to weight each 
multi-slice image and summing said weighted mul 
ti-slice images so as to produce an image of a brain 
surface of the head. 

12. A method according to claim 11, wherein the 
weighting summation processing step comprises the 
step of weighting the multi-slice images with predeter— 
mined weighting coef?cients for each slice image. 

13. A method according to claim 11, wherein the 
weighting summation processing step comprises the 
step of weighting the multi-slice images with predeter 
mined weighting coef?cients for each pixel of the slice 
images. 

14. A method according to claim 11, wherein the 
weighting summation processing step comprises the 
step of setting weighting coef?cients corresponding to 
sensitivity characteristics of a head coil means. 

15. A method according to claim 11, wherein the 
weighting summation processing step comprises the 
step of setting weighting coef?cients for emphasizing a 
portion near the brain surface and at a position near a 
depth level where a region of interest is present. 

16. A method according to claim 11, wherein the 
second step includes the offset summation step of sum 
ming the multi-slice images while offsetting a positional 
relationship of the slice images in accordance with a 
desired viewing direction. 

17. A method according to claim 16, wherein the 
second step further includes the step of obtaining a pair 
of summed images for stereoscopic viewing having a 
parallax corresponding to a binocular parallax by sum 
ming the multi-slice images while offsetting at least a 
portion by the offset summation step in accordance with 
the desired viewing direction. 

18. A method according to claim 16, wherein the 
second step further includes the step of obtaining a 
plurality of summed images having different viewing 
directions by summing the multi-slice images while 
off-setting at least a portion by the offset summation 
step in accordance with the desired viewing direction. 

19. A method according to claim 18, further includ 
ing the step of sequentially reciprocally displaying a 
plurality of summed images having said different view 
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ing directions so as to visually swing the displayed im- images so as to produce an image of a brain surface 
ages. of the head. 

20. A method for acquiring an image representing a 22. A method for acquiring an image representing a 
brain surface of a head in a magnetic resonance imaging brain surface of a head in a magnetic resonance imaging 
apparatus, the method comprising the steps of: 5 apparatus, the method comprising the steps of: 

a ?rst step of executing a multi-slice method combin- a ?rst step of executing a 3-dimensional Fourier trans 
ing a sequence, in which a magnetic resonance form method using a sequence with a relatively 
signal of a proton of fat is suppressed, in each en- long echo time so that a magnetic resonance signal 
code step of said sequence by said multi-slice of a proton of fat is suppressed and a magnetic 
method by using a multi-echo method; and 10 resonance signal of a proton of cerebrospinal ?uid 

a second step of weighting summation processing by is emphasized; and 
setting a weighting coefficient to be smaller for a a second step of setting weighting coef?cients to be 
slice at a deeper position in the brain as compared smaller for portions of a head of a human object at 
to a more shallow position in order to weight each deeper positions in order to produce weighted 

5 multi-slice image and summing said weighted mul 
ti-slice images so as to produce an image of a brain 
surface of the head. 

3-dimensional Fourier transformed images as com 
pared to more shallow positions and summing said 
weighted S-dimensional Fourier transformed im 

21. A magnetic resonance imaging system compris- ages so as to produce an image of a brain surface of 
ing: the head. 

static ?eld generating means for generating a static 20 23. A magnetic resonance imaging system utilizing 
?eld to be applied to a head of a human forming an 3-dimensional Fourier transform imaging to produce 
object to be examined; image data, the system comprising: 

gradient ?eld generating means for generating a gra- static ?eld generating means for generating a static 
dient ?eld to be applied to the head of the human 25 ?eld to be applied to an object in the form of a 
object; human head; 

radio-frequency ?eld transmitting means for transmit- gradient ?eld generating means for generating a gra 
ting a radio-frequency. ?eld to be applied to the dient ?eld to be applied to the object; 
object; radio-frequency ?eld transmitting means for transmit 

receiving means for receivingaradio-frequency mag- 30 ting a radio-frequency ?eld to be applied to the 
netic resonance signal from the head of the human object; 
object; receiving means for receiving a magnetic resonance 

sequence control means for driving said gradient ?eld signal from the object; 
generating means, said radio-frequency ?eld trans- sequence control means for driving said gradient ?eld 
mitting means and said receiving means in accor- 35 generating means, said radio-frequency ?eld trans 
dance with a predetermined sequence while the mitting means and said receiving means in accor 
static ?eld is applied from said static ?eld generat- dance with a predetermined sequence while the 
ing means to the head of the human object, thereby static ?eld is applied from said static ?eld generat 
applying the gradient ?eld and the radio-frequency ing means to the object, thereby applying the gra 
?eld to the head of the human object at a predeter- 4O dient ?eld and the radio-frequency ?eld to the 
mined timing, and causing a predetermined mag- object at a predetermined timing, and causing a 
netic resonance phenomenon in the head of the predetermined magnetic resonance phenomenonin 
human object; the object; 

signal processing means for performing predeter- signal processing means for performing predeter 
mined processing of magnetic resonance signal 45 mined processing of magnetic resonance signal 
data generated as a result of an operation of said data generated as a result of an operation of said 
sequence control means and received through said sequence control means and received through the 
receiving means so as to obtain a magnetic reso- receiving means so as to obtain a magnetic reso 
nance image; and nance image; and 

display means for displaying the image obtained by 50 display means for displaying the image obtained by 
said signal processing means, said signal processing means, 

wherein said receiving means comprises head coil wherein said receiving means comprises head coil 
means for receiving the magnetic resonance signal, means for receiving the magnetic resonance signal, 
said sequence control means comprising 3-dimen- said sequence control means obtaining said image 
sional Fourier transform control means for execut- 55 data by using a sequence with a relatively long 
ing a 3-dimensional Fourier transform method echo time so that a magnetic resonance signal of a 
using a sequence with a relatively long echo time proton of fat is suppressed and a magnetic reso 
so that a magnetic resonance signal of a proton of nance signal of a proton of cerebrospinal ?uid is 
fat is suppressed and a magnetic resonance signal of emphasized, and said signal processing means com 
a proton of cerebrospinal ?uid is emphasized, and 60 prises weighting summation processing means hav 
said signal processing means comprises weighting ing means for setting weighting coefficients to be 
summation processing means including means for smaller for portions of the head at deeper positions 
setting a weighting coef?cient to be smaller for a as compared to more shallow positions and means 
portion of the head of the human object at a deeper for summing weighted image data so as to produce 
position in order to produce weighted 3-dimen- 65 an image of a brain surface of the head. 
sional Fourier transformed images as compared to 
a more shallow position and means for summing 
said weighted 3-dimensional Fourier transformed 

24. A method for acquiring an image representing a 
brain surface of a head in a magnetic resonance imaging 
apparatus, the method comprising the steps of: 
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a ?rst step of obtaining image data by using a se 
quence with a relatively long echo time so that a 
magnetic resonance signal of a proton of fat is 
suppressed and a magnetic resonance signal of a 
proton of cerebrospinal ?uid is emphasized; and 

a second step of setting weighting coef?cients to be 
smaller for portions of the head at deeper positions 
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16 
as compared to more shallow positions in order to 

produce weighted image data; and 
a third step of summing said weighted image data so 

as to produce an image of a brain surface of the 
head. 

* * * * =l< 


